This paper examines four European equity portfolios sorted by size, book-to-market (B/M) ratios, operating profitability, investment, and momentum by using Markov switching models with high and low volatility regimes. Our empirical analyses derive the following interesting findings. First, in four European equity portfolios, the smallest and the strongest momentum portfolio yields the highest return. In addition, the second smallest and the highest B/M portfolio, the second smallest and the highest operating profitability portfolio, and the second smallest and the second lowest investment portfolio also yield higher returns than the overall equity market in Europe. Further, our analyses using Markov switching models also reveal that for all the four European equity portfolios, the higher returns are obtained not in high volatility regimes but in low volatility regimes, and this evidence is against the assumption of risk-return trade off advocated in standard finance theory. Finally, our Markov switching analyses also suggest that for all the four European portfolios, staying probabilities in the same regimes are high and switching probabilities between two different regimes are generally low. In particular, staying probabilities in low volatility regimes are rather high, thus, all the four European equity portfolios yield high returns very stably by staying high return regimes.
Introduction
Performances of factor-sorted equity portfolios are of great concern for not only academic researchers but also practitioners in financial industries. In addition, regime switching approach to financial and economic time-series is also important analyzing methodology, which has long history in the fields of economics and finance (e.g., Hamilton, 1989; Filardo, 1994) . In asset pricing literature, many factors for constructing profitable equity portfolios have been suggested (e.g., French, 1993, 2015) , and to date, many empirical tests for the effectiveness of these factors also have been conducted. However, it is noted that those examinations are mainly for the US equities, thus, not enough research for the European equity portfolios has been implemented in the existing literature.
On the basis of the above motivation, this study tests the performances of equity portfolios sorted by several factors such as size, book-to-market (B/M) ratios, operating profitability, investment, and momentum by focusing on European equities by taking into consideration high and low volatility regimes. For this purpose, this study employs two-regime Markov switching models, and derives the following interesting findings for European equity portfolios.
First, in the four European equity portfolios we analyze in this paper, the smallest and the strongest momentum portfolio yields the highest return. In addition, the second smallest and the highest B/M portfolio, the second smallest and the highest operating profitability portfolio, and the second smallest and the second lowest investment portfolio also yield higher returns than the overall equity market in Europe. These clearly indicate the effectiveness of constructing bivariate-sorted portfolios using European equities.
Further, our analyses using Markov switching models with high and low volatility regimes reveal that for all the four European equity portfolios, the higher returns are obtained not in high volatility regimes but in low volatility regimes. This is against the assumption of risk-return trade off suggested in standard finance theory. Finally, our Markov switching analyses also indicate that for all the four portfolios, staying probabilities in the same regimes are high and switching probabilities between two different regimes are generally low. In particular, staying probabilities in low volatility regimes are rather high, hence, all the four European equity portfolios yield high returns rather stably by staying their high return regimes.
These some interesting findings are the contributions of this research. Regarding the rest of this article, in Section 2, recent related studies are reviewed; in Section 3, the data for our empirical study are explained; and in Section 4, our analyzing methodology is documented. After these, Section 5 explains our empirical results and Section 6 summarizes and concludes the paper.
Literature Review
This section briefly reviews recent empirical literature using regime switching approach. Recently, applying Markov switching method, Chourdakis et al. (2014) estimated the prices of regime-shift risk using the S&P 500 option and its underlying equity index data. The results of their study suggested that the regime shifts of bull-to-bear and bear-to-crash carried substantial prices of risk. Salhi et al. (2016) also employed a regime switching model and estimated Value-at-Risk (VaR) using data of NYSE Euronext stocks from 2001 to 2011. The results of their study showed that the regime switching model employed in their analyses improved the predictive performance of VaR forecasting. Bejaoui and Karaa (2016) attempted to better capture the bull and bear equity markets by extending the Markov switching model of Maheu and McCurdy (2000) to a multi-state model. Using stock index return data from the Tunis Stock Exchange and the extended regime switching model, they empirically defined the bull and bear equity markets in Tunisia in detail. Chatziantoniou et al. (2017) examined whether the shocks of UK monetary policy induce the UK housing and equity markets to remain at high-volatility environments. Using Markov switching modelling approach, they found that monetary policy shocks had predictive power for the UK equity market.
Using the US economic and equity market data and applying regime switching models, Hammerschmid and Lohre (2018) examined the US stock return predictability. Their regime switching approach empirically suggested that the regime factor was important in forecasting the US equity risk premium. It is again noted that equity portfolio return analysis for Europe by using regime switching approach was little seen in existing literature although for Japan, Tsuji (2012) conducted such analyses. Thus, as documented, this paper analyzes the relations of volatility regimes and equity portfolio returns in Europe in below sections. 
Data
This section explains the data used for this study. All data were supplied by Kenneth French and this study uses monthly percentage excess returns over risk-free rate as to four kinds of bivariate-sorted European equity portfolios. First is the excess return of the portfolio sorted by size and B/M ratios (henceforth 'Size-B/M portfolio'). Second is the excess return of the portfolio sorted by size and operating profitability (henceforth 'Size-OP portfolio').
Third is the excess return of the portfolio sorted by size and (corporate) investment (henceforth 'Size-Inv portfolio'), and fourth is that of the portfolio sorted by size and prior return (from 12-month prior to 2-month prior returns) (henceforth 'Size-Mom portfolio'). For the details of these portfolio constructions, see Fama and French (2015) , and in this study, the sample period is from November 1990 to November 2017, and all returns are in US dollars. We also refer to the excess return of European overall equity market. Table 1 shows the average values of excess returns of the above four kinds of European equity portfolios. As in Table 1 , there are 25 Size-B/M portfolios, 25 Size-OP portfolios, 25 Size-Inv portfolios, and 25 Size-Mom portfolios. Further, as presented in bold, for Size-B/M portfolios, the highest average return is seen in the second smallest and the highest B/M portfolio (henceforth 'Size2-B/M5 portfolio') and for Size-OP portfolios, the highest average return is found in the second smallest and the highest operating profitability portfolio (henceforth 'Size2-OP5 portfolio').
Moreover, for Size-Inv portfolios, the highest average return is found in the second smallest and the second lowest investment portfolio (henceforth 'Size2-Inv2 portfolio') and for Size-Mom portfolios, the highest average return is seen in the smallest and the highest prior return portfolio (henceforth 'Size1-Mom5 portfolio'). Based on this evidence, the empirical study in this paper focuses on the above four higher return portfolios: Size2-B/M5 portfolio, Size2-OP5 portfolio, Size2-Inv2 portfolio, and Size1-Mom5 portfolio. Table 2 exhibits the descriptive statistics for the excess percentage returns over risk-free rate as to the four higher return European equity portfolios. As mean values exhibited in Table 2 indicate, in Europe, Size1-Mom5 portfolio shows the highest return of 1.65 percent per month. In addition, Size2-OP5 portfolio records the second highest return of 1.01 percent per month.
As in Table 1 , since the average excess return of the European overall stock market is 0.55 percent per month, not only Size1-Mom5 portfolio and Size2-OP5 portfolio, but also Size2-B/M5 portfolio and Size2-Inv2 portfolio yield higher returns than overall equity market in Europe (The excess returns of Size2-B/M5 portfolio and Size2-Inv2 portfolio are both about 0.81 percent per month). Table 2 also indicates that all the four excess portfolio returns in Europe are negatively skewed and have fat-tailed distributions as all the returns show negative skewness values and larger kurtosis values than three of normal distributions.
Methodology
We next explain the model used for our empirical examinations. This study employs the following Markov switching model (1), which has high and low volatility regimes:
.
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In equation (1), means the excess percentage return of one of the four European equity portfolios: Size2-B/M5 portfolio, Size2-OP5 portfolio, Size2-Inv2 portfolio, or Size1-Mom5 portfolio. In addition, denotes the intercept of the model, which depends on regime, . Further, in the model (1), the disturbance term, , is assumed to follow an independent and identically distributed ( ) standard normal distribution, and the standard deviation (volatility) in the regime is denoted by . As documented, our model has two Markov switching regimes: high and low volatility regimes; and in this paper, all models are estimated by using the maximum likelihood method. Notes: LL denotes the log-likelihood value and *** indicates the statistical significance at the 1% level. The sample period is from November 1990 to November 2017 and the number of the observations is 325.
Results
This section documents our empirical results. For the four European equity portfolios, estimation results of our Markov switching models with high and low volatility regimes are shown in Table 3 . First, from Panel A of this table, as the intercept values suggest, we understand that Size2-B/M5 portfolio exhibits positive excess return in low volatility regime, while this portfolio shows negative excess return in high volatility regime. Second, from Panel B of Table 3 , it is understood that Size2-OP5 portfolio also shows positive excess return in low volatility regime, while this portfolio also supplies negative excess return in high volatility regime.
Further, as Panel C of Table 3 shows, Size2-Inv2 portfolio again presents higher positive excess return in low volatility regime, while this portfolio supplies almost no excess return in high volatility regime. Finally, as Panel D of Table 3 indicates, Size1-Mom5 portfolio again shows higher positive excess return in low volatility regime, while the portfolio supplies low excess return in high volatility regime.
As above, our results derived from the Markov switching models are very similar and clear for all the four equity portfolios. To sum up, from the regime switching perspective, our results supply little evidence that supports the risk-return trade off, and this is against the standard finance theory. That is, our evidence shows that for European equity portfolios, higher returns are obtained not in high volatility regime but in low volatility regime. to low' means the staying probabilities in low volatility regime, 'Low to high' means the transition probabilities from low volatility regime to high volatility regime, 'High to low' means the transition probabilities from high volatility regime to low volatility regime, and 'High to high' means the staying probabilities in high volatility regime. The sample period is from November 1990 to November 2017 and the number of the observations is 325. Moreover, Figure 1 shows the Markov switching high and low volatility regime probabilities for the four European equity portfolios, which are derived from model (1). Panels A and C of this figure suggest that Size2-B/M5 portfolio and Size2-Inv2 portfolio stay in high volatility regime around the Lehman crisis and European debt crisis periods. Panels B and D of Figure 1 also indicate that Size2-OP5 portfolio and Size1-Mom5 portfolio stay in high volatility regime not only around the Lehman collapse and European debt crisis periods, but also around 1998 and 2000 to 2002, during which there were volatility increasing events of Russian crisis in 1998 and the US terrorist attack in 2001. That is, our empirical results and graphical analyses suggest that excluding such higher volatility periods, all the four European equity portfolios yield high returns for international investors.
Furthermore, Table 4 shows the transition probabilities between two regimes for the four European portfolio excess returns, which are also derived from our Markov switching models. In this table, 'Low to low' means the staying probabilities in low volatility regime, 'Low to high' means the transition probabilities from low volatility regime to high volatility regime, 'High to low' means the transition probabilities from high volatility regime to low volatility regime, and 'High to high' means the staying probabilities in high volatility regime. Table 4 suggests that for all the four portfolios, staying probabilities in the same regimes are high and switching probabilities between two different regimes are generally low. In particular, staying probabilities in low volatility regimes are rather high, thus, all the four European equity portfolios yield high returns very stably by staying high-return regimes.
Conclusions
This paper investigated the profitability of the four European equity portfolios of the second smallest and the highest B/M portfolio, the second smallest and the highest operating profitability portfolio, the second smallest and the second lowest investment portfolio, and the smallest and the highest prior return (momentum) portfolio. Using the Markov switching models with high and low volatility regimes, we derived the following interesting findings.
(1) First, in the four European equity portfolios, the smallest and the strongest momentum portfolio exhibited the highest return. While excess overall equity market return in Europe was 0.55 percent per month, the smallest and the strongest momentum portfolio demonstrated the average excess return of 1.65 percent per month in Europe.
(2) Second, the second smallest and the highest B/M portfolio, the second smallest and the highest operating profitability portfolio, and the second smallest and the second lowest investment portfolio also exhibited higher excess returns than the overall equity market in Europe. These clearly indicate the effectiveness of constructing bivariate-sorted portfolios using European equities.
(3) Furthermore, our analyses using Markov switching models with high and low volatility regimes revealed that for all the four European equity portfolios, the higher returns were obtained not in high volatility regimes but in low volatility regimes. It is emphasized that this is against the assumption of risk-return trade off suggested in standard finance theory.
(4) Finally, our Markov switching analyses indicated that for all the four European equity portfolios, staying probabilities in the same regimes were high and switching probabilities between two different regimes were generally low. In particular, staying probabilities in low volatility regimes were very high, hence, all the four European equity portfolios analyzed in this paper earned high returns stably by staying their high-return regimes.
In fact, there exist different types of models that allow for analyzing regime changes of financial and economic time-series data, and the Markov switching model is one of those models. It is pointed out that the Markov switching model is very delicate and difficult model to derive reasonable or expected results. However, as above, in our cases, applications of Markov switching models to European equity portfolio excess returns were highly successful. We note again that our results, which were against the risk-return trade off suggested by standard finance theory, were very clear in all the four cases for European equity portfolios analyzed in this paper.
Hence, in the case where data and the model are well fitted, applying regime switching models to financial and economic time-series data is expected to be effective and useful for deriving interesting evidence. Therefore, extended or new empirical research by applying similar models to different financial and/or economic data shall be meaningful, and it is one of our future works.
